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Measurement of antibodies to human papillomavirus (HPV) is complicated by many factors. Although
enzyme-linked immunosorbent assays (ELISAs) that use virus-like particles (VLPs) have proved useful, the
assays have, in general, had moderate sensitivities and low signal-to-noise ratios. To enhance the performance
of the assay, a systematic investigation was undertaken to examine key variables used in ELISAs for the
detection of antibodies to VLPs of HPV. Incorporation of two vinyl polymers, polyvinyl alcohol (molecular
weight, 50,000) (PVA-50) and polyvinylpyrrolidone (molecular weight, 360,000) (PVP-360), was found to in-
crease the sensitivity as well as the specificity of the assay for the detection of antibodies to VLPs of HPV. In
particular, the addition of PVA-50 to the blocking solution reduced the amount of nonspecific binding of anti-
bodies to VLPs and the microplate surface, whereas the addition of PVP-360 increased the sensitivity of
antibody detection. The new ELISA demonstrated increased sensitivity and specificity for the detection of
cervical HPV type 16 infection compared to those of a prototype assay with coded clinical serum samples from
women with known cervicovaginal HPV infection status. It is anticipated that the enhanced ELISA conditions
will have wide application to a large number of clinical diagnostic assays.

Human papillomavirus (HPV) infection of the cervicovagi-
nal region is the most common sexually transmitted disease in
young adults and adolescents (6, 10). The association of HPV
with preinvasive and invasive cervical cancer (26) makes gen-
ital HPV infection of particular medical importance. Initial
attempts to characterize the humoral response to HPV virions
were made as early as 1965 (1). However, research in this area
has been impeded by an inability to grow large amounts of
HPV virions in the laboratory and the poor sensitivities and
specificities of antibody assays based on denatured recombi-
nant HPV proteins reported to date.

A major innovation in HPV serology was the use of recom-
binant DNA technology to produce HPV capsid proteins that
assembled into virus-like particles (VLPs) (18, 29, 37, 42).
These methods produce conformationally intact HPV capsids
in adequate amounts for use in enzyme-linked immunosorbent
assays (ELISAs) (12, 28). Of major significance was the obser-
vation that antibodies to conformational epitopes on these
synthetically produced HPV VLPs develop in response to type-
specific infections and that such antibodies were neutralizing in
cell culture systems and in an animal model (13–15, 34, 35, 40,
41).

Clinical applications of assays for HPV antibody detection,
however, have been limited due to the lack of highly sensitive
and reproducible assay systems. The majority of serum speci-
mens have low titers of antibodies to VLPs of HPV, perhaps

due to the immune isolation of the cervix and/or the fact that
infection with HPV has no viremic phase. In addition, low
titers of antibodies to conformational epitopes of HPV make
background reactivity a major barrier to the development of a
clinically useful assay for HPV antibody screening. The specific
stereometry of HPV epitopes further complicates matters, in
that no laboratory has yet succeeded in the development of a
confirmatory antibody test (e.g., Western blotting) to verify the
results of ELISA or to resolve the results for samples with
borderline results.

In this report, we present data on a novel ELISA that uses
a new combination of reagents to improve detection of anti-
bodies to VLPs of HPV. This second-generation assay for
HPV VLPs has improved sensitivity, specificity, and reproduc-
ibility for the detection of HPV antibodies, on the basis of
analyses with samples from women known to have cervicovagi-
nal HPV infections.

MATERIALS AND METHODS

HPV16 VLP preparation. HPV type 16 (HPV16) L1 and L2 proteins were
heterologously expressed in Trichoplusia ni cells (High Five cells; Invitrogen,
Inc., Carlsbad, Calif.) infected with recombinant baculovirus encoding the com-
plete open reading frame for L1 and L2 downstream of the polyhedrin promoter,
as described previously (28). A high-titer virus stock (�108 PFU/ml) was created
by amplification of a single recombinant plaque. High Five cells were grown to
a density of 2 � 106 to 3 � 106 cells/ml (viability, �98%) and infected at a
multiplicity of infection of 10 PFU/cell. VLPs were purified by a modification of
the protocol described by McCarthy et al. (31). Briefly, cells were harvested at
approximately 72 h postinfection and were pelleted by gentle centrifugation
(1,500 to 2,000 rpm) in an IEC Centra-7R centrifuge (Damon Co., Needham,
Mass.). The cell pellets were resuspended in homogenization buffer (20 mM
NaH2PO4 and 150 mM NaCl [pH 7.4] containing 1 mM phenylmethylsulfonyl
fluoride, 1 �g of aprotinin per ml, and 1 �g of pepstatin A per ml) and disrupted
with 20 strokes of a Dounce homogenizer. The nuclear fraction was pelleted by
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differential centrifugation at 32,000 rpm for 90 min in a 50.2Ti fixed-angle rotor,
and the supernatant was removed. The nuclear pellet was resuspended in 27%
CsCl (wt/wt) in a 1� phosphate-buffered saline (PBS) solution (CsCl-PBS),
sheared by multiple sequential passes through 18- and 19-gauge needles, and
sonicated on ice for 30 s. The lysate was diluted in CsCl-PBS and centrifuged at
22,000 rpm for 90 min in an SW28 rotor at 4°C. The contaminating buoyant
chromatin fraction layer was discarded, and the clarified lysate was then centri-
fuged to equilibrium for at least 16 h at 32,000 rpm in a VTi 50 vertical rotor at
4°C.

The fraction containing VLPs was visualized as an opalescent band and was
collected from the top of the tube with a 15-cm blunt-end pipetting needle. The
density of the VLP fraction was determined (i.e., density � 1.27 to 1.28 g/cm3),
and the solution was dialyzed (Slide-A-Lyzer 10K dialysis cassette; Pierce, Inc.,
Rockford, Ill.) against 1� PBS for 30 min and layered on top of a two-compo-
nent step gradient composed of 30 and 63% (wt/wt) sucrose in 1� PBS–0.5 M
NaCl. Rate-zonal centrifugation was performed at 42,000 rpm in a VTi 50 rotor
for 3 h at 4°C, and the VLP band was collected from the interface. The collected
fractions were combined, CsCl-PBS solution was added to make the final CsCl
concentration 27%, and the VLPs were rebanded by isopycnic centrifugation as
described above. VLPs were stored in 27% CsCl-PBS at 4°C.

Analysis and quantitation of VLPs. VLP structures were confirmed by trans-
mission electron microscopy. The purities and the concentrations of the L1 and
L2 proteins comprising the VLPs were determined by Coomassie brilliant blue
(ICN Biomedicals, Inc., Irvine, Calif.) staining of the gel after sodium dodecyl
sulfate-polyacrylamide gel electrophoresis in 10% Tris-glycine precast gels
(Novex, Inc., San Diego, Calif.). The only visible band was the 55-kDa L1 protein
that reacted with the Camvir-1 monoclonal antibody (Pharmingen, Inc., San
Diego, Calif.) by Western blotting analysis. The protein concentrations of the
final dialyzed VLPs were determined by the Bio-Rad automated microplate
assay with bovine serum albumin (BSA) as a standard (7).

ELISA material and reagents. Polyvinyl alcohol (molecular weight, 50,000)
(PVA-50), polyvinylpyrrolidone (molecular weight, 360,000) (PVP-360), 10�
PBS concentrate, and Tween 20 were obtained from Sigma Chemical Co. (St.
Louis, Mo.); nonfat milk was obtained from Bio-Rad Laboratories (Hercules,
Calif.); BSA and goat anti-human immunoglobulin G (IgG) Fc� fragment-
specific horseradish peroxidase were obtained from Jackson Immunoresearch
Laboratories, Inc. (West Grove, Pa.); PolySorp C96 microtiter plates and 0.45-
�m-pore-size filter units were obtained from Nalgene Nunc International (Naper-
ville, Ill.); and 2,2�-azinobis(3-ethylbenzthiazolinesulfonic acid) (ABTS) peroxi-
dase solution and peroxidase stop solution from were obtained Kirkegaard &
Perry Laboratories, Inc. (Gaithersburg, Md.). A Nunc-Immuno Wash12 appli-
ance (Naglene Nunc International) was used to wash the wells of the microtiter
plates. Optical densities (ODs) were determined with an MRX microtiter plate
reader (Dynex Technologies, Chantilly, Va.).

Serum specimens. Serum samples from studies that assessed cervical HPV
infection were used (10, 23). For assay development, a seropositive control panel
was constructed by making 10 pools of sera, with each pool consisting of serum
samples from five different subjects; 8 pools consisted of sera from women in
whom HPV16 DNA was detected in cervicovaginal cells and who had histolog-
ically confirmed cervical intraepithelial neoplasia or cancer (24), and 2 pools
consisted of sera from college women in whom HPV16 DNA was detected in
their cervicovaginal cells but who were cytologically negative (10).

Polymer ELISA conditions. Stock solutions of PVA-50 and PVP-360 were
prepared by dissolution of the polymers in boiling water and filtration through a
0.45-�m-pore-size filter unit. Blocking, serum, and conjugate buffers were pre-
pared on the day of the assay. HPV VLPs were diluted to a concentration of 500
ng/ml in 10 ml of ice-cold 1� PBS buffer (pH 6.0) and were treated by gentle
sonication for 15 s. A total of 100 �l of the purified HPV16 VLPs was added to
precooled wells (i.e., 50 ng/well) (PolySorp C96 microtiter plates; Nalgene Nunc
International), and the plates were incubated overnight at 4°C. Following incu-
bation, the plates were rinsed six times with washing buffer (1� PBS, 0.05%
Tween 20), and thereafter, 300 �l of blocking solution (1� PBS, 0.5% PVA-50)
was added to each well. The plates were incubated for 3 h at room temperature.
The plates were then rinsed six times with washing buffer and vigorously cleared
by tapping them on paper towels. The samples were diluted 1:100 in blocking
solution, and 100 �l was added to each of duplicate wells. The plates were
incubated for 1 h at 37°C. The plates were then rinsed 10 times with washing
buffer and vigorously cleared. A total of 100 �l of goat anti-human IgG Fc�

fragment conjugated with horseradish peroxidase diluted 1:10,000 in conjugate
buffer (1� PBS, 0.025% Tween 20, 0.5% PVA-50, 0.8% PVP-360) was added to
each well, and the plates were incubated for 30 min at 37°C. The plates were
rinsed 10 times with washing buffer and vigorously cleared. A total of 100 �l of
prewarmed (37°C) ABTS peroxidase solution was added to each well, and the

plates were incubated for up to 40 min. The time interval between the additions
of substrate to the different plates was about 3 to 5 min. After 30 min, the first
plate was placed in an MRX ELISA reader programmed to read the OD at 405
nm until the weakly reactive control reached an OD of 0.3. The plate was then
taken from the reader, 100 �l of peroxidase stop solution was added to each well,
and the plate was shaken vigorously. The procedure was repeated with all of the
plates. The final reading was made at 405 nm, with a 490-nm filter used as a
reference.

The day-to-day reproducibility of the ELISA was monitored by inclusion of
five specimens that, because of their characteristics, were particularly useful as
quality control reagents for use on every plate. Specifically, it was noted that for
a set of samples obtained from the National Cancer Institute and previously
tested in multiple laboratories for antibodies to VLPs of HPV16 (38), some
positive and negative samples gave very reproducible results, whereas other
samples gave variable results. From this observation, we identified five controls
that were run in each assay. These controls included (i) a stable, highly reactive
positive control (i.e., OD � 1.3); (ii) a stable, weakly reactive positive control
(i.e., OD � 0.3to 0.38); (iii) a sensitive negative control (i.e., a sample sensitive
to ELISA conditions); (iv) a stable negative control (i.e., OD 	 0.1); and (5) a
blank control (no serum). The mean ODs for four blank wells were subtracted
from the OD for each antigen-containing well to create a background-adjusted
OD.

The OD cutoff point for seropositivity for the HPV16 ELISA was determined
by receiver operating characteristic (ROC) analyses (43). The log-transformed
ODs for 51 subjects who were positive for HPV16 DNA were compared with
those for 70 virginal women who were HPV16 DNA negative (10, 25). Since
women with HPV16 infection may not necessarily have detectable antibodies to
VLPs of HPV16, the cutoff point for seropositivity was chosen to maximize the
specificity among virginal women. The cutoff point of an OD of �0.16 gave a
sensitivity of 70.4% and a specificity of 100%.

Statistical methods. The ODs of all samples were downloaded into the Rev-
elation software package (Dynex Technologies) for initial analyses. On the basis
of the results obtained with cervical HPV DNA and the mean ODs obtained by
the ELISAs, a ROC analysis was performed (43). For plausible thresholds of
seropositivity, we cross-tabulated the percent sensitivity of the detection of
women with cervicovaginal HPV16 DNA infection identified by PCR (y axis)
with 1 
 specificity (x axis). The value of 1 
 specificity represents the percentage
of virginal women who would have been seropositive at a given OD cutoff point.
A curve of (x, y) points indicating how the ELISA performed using different
cutoff points for seropositivity is shown (see Fig. 1). The theoretical optimal
cutoff point for each assay (x � 100% sensitivity, y � 0% nonspecificity) would
find all women with cervical HPV16 infections but none of the virginal women to
be positive. The statistical significance of the ELISA conditions was analyzed by
an analysis of variance by the procedure provided with SAS software (version 8.0;
SAS, Inc., Cary, N.C.).

RESULTS

To optimize the ELISA for VLPs of HPV (the HPV VLP
ELISA), 20 samples presumed to be negative (i.e., from vir-
ginal women) and 10 samples from HPV16 DNA-positive
women (10, 25) were repeatedly tested with HPV16 VLPs by
using the conditions used for the first-generation HPV VLP
ELISA (38). It was noted that approximately 30% of samples
reacted with the wells when no antigen was present (data not
shown). To improve the specificity, the concentrations of the
VLP antigen and the primary antibody were sequentially re-
duced. After extensive testing, the optimal concentration of
antigen was found to be 50 ng/well with a 1:100 dilution of test
sample (data not shown). The effect of adsorption of VLPs at
different temperatures is shown in Table 1. The use of a tem-
perature of 4°C led to a significant improvement in the speci-
ficity (i.e., lower rates of positivity for the serum samples from
HPV-negative women), lower ODs for HPV-negative women,
and greater intra-assay reproducibility (i.e., decreased coeffi-
cient of variance [CV] values). Thus, these conditions were
used in subsequent tests.

Panels of serum samples were used to compare the sensitiv-
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ities, specificities, and reproducibilities of different ELISA
blocking reagents. Since seroreactivity to the plastic well was
noted for a large number of samples initially tested, we rea-
soned that use of a plastic polymer might block this undesired
immunoreactivity. After comparison of PVAs with different
molecular weights, PVA-50 at a concentration of 0.5% in 1�
PBS showed maximum and reproducible blocking activities
and an enhanced level of sensitivity for the detection of posi-
tive samples (data not shown). The blocking effectiveness of
0.5% PVA-50 was then compared with those of other com-
monly used blocking agents (Tables 2 and 3). A test panel
consisting of 10 pools of samples from HPV16 DNA-positive
women (see Materials and Methods) and 10 samples from
HPV-negative virginal women (10, 25) was evaluated. The
maximum ODs for the samples from women with HPV16 in-
fection and cervical neoplasia (pools 1 to 8) were observed
when 0.5% PVA-50 was combined with Tween 20 (Table 2). In
contrast, Tween 20 added to milk and BSA caused decreases in
the ODs. Among the samples in pools 9 and 10, from college
women with HPV16 DNA-positive, Pap smear-negative results
(10, 25), only those in pool 9 showed a weak reaction (i.e., ODs
of 0.16 to 0.20) with each blocking agent except milk and milk
with Tween 20. To evaluate the specificities of the blocking
agents, the 10 samples from virginal women were tested (Table
3). In contrast to the results for sensitivity, milk alone demon-
strated optimal blocking for the 10 control samples. However,
PVA-50 and PVA-50 with Tween 20 also resulted in very low
ODs.

Previous studies had demonstrated that another hydrophilic
polymer, PVP, improved adsorption of secondary antibody in

Western blotting assays (5, 20). To improve the signal of the
HPV VLP ELISA, we evaluated different concentrations of
high-molecular-weight PVP, PVP-360, added to the conjugate
buffer. An optimal concentration of 0.8% PVP-360 was shown
to enhance the OD signal (data not shown). We then evaluated
the effect of PVP-360 in combination with the other blocking
agents (Table 4). The addition of PVP-360 resulted in im-
proved ODs when it was combined with milk and PVA-50
(Table 4). Compared with milk, the combination of PVA-50,
PVP-360, and Tween 20 maximized the ODs of the positive
samples. More importantly, previously negative pools 9 and 10
consisting of samples from HPV16 DNA-positive, Pap smear-
negative college women gave ODs in the positive range (i.e.,
ODs � 0.16). There was no significant difference in the ODs of
the 10 control samples with the addition of PVP-360 (Table 5).

On the basis of the results of these experiments, an im-
proved polymer ELISA protocol was established with PVA-50
and PVP-360. To directly compare this assay to a first-gener-
ation (standard) HPV VLP ELISA, a set of 200 coded serum
samples from women with known cervical HPV16 DNA infec-
tion status (23) was tested. Each laboratory prepared its own
VLPs for use in the ELISA. Both laboratories were blinded to
the clinical and HPV results of the samples. The performance
of the two assays was compared by a ROC analysis. As shown
in Fig. 1, detection of antibodies to VLPs of HPV was strongly
correlated with cervicovaginal HPV DNA status in both assays.
The sensitivity of the polymer HPV VLP ELISA was higher
than that of the standard HPV VLP ELISA from 0 to 50%
nonspecificity. For instance, with an OD cutoff point that re-
sulted in 10% of virginal women scoring positive, 78.3 and

TABLE 1. Influence of VLP adsorption temperature on ELISA resultsa

HPV16 DNA status
of the sample

No. of
samples

25°C 4°C

No. (%) of samples
with OD of 0.16 Mean OD CV (%) No. (%) of samples

with OD of 0.16 Mean OD CV (%)

Positiveb 11 9 (82) 0.581 25.6 9 (82) 0.703 2.8
Negativec 29 11 (38) 0.188 45.1 2 (7) 0.065 8.7

a Serum samples were from women infected with known cervical HPV DNA types and with known disease status (24). OD and CV values between VLP adsorption
at 25 and 4°C were compared by the paired t test. The difference in the proportion of seropositive samples between the two conditions among the HPV DNA-negative
samples was evaluated by the McNemar test.

b Among the HPV16 DNA-positive samples, comparison of VLP adsorption at 25 and 4°C for differences in ODs, P � 0.206; comparison for differences in CVs, P �
0.014.

c Among the HPV16 DNA-negative samples, comparison of VLP adsorption at 25 and 4°C for differences in ODs, P � 0.001; comparison for differences in CVs,
P 	 0.001; comparison for differences in the proportions of samples with false-positive results, P � 0.004.

TABLE 2. Influence of ELISA blocking solutions on samples from women positive for HPV16 DNAa

Reagent
Mean OD

Pool 1 Pool 2 Pool 3 Pool 4 Pool 5 Pool 6 Pool 7 Pool 8 Pool 9 Pool 10

Milk 0.133 1.272 0.261 1.968 1.143 1.565 1.270 0.715 0.049 0.000
Milk � Tween 20 0.140 1.122 0.239 1.547 0.900 1.263 1.006 0.533 0.050 0.010
BSA 0.604 1.645 0.581 2.038 1.488 1.861 1.589 1.110 0.198 0.091
BSA � Tween 20 0.468 1.271 0.469 1.616 1.244 1.569 1.274 0.804 0.143 0.067
Tween 0.505 1.334 0.464 1.868 1.334 1.689 1.495 0.930 0.157 0.096
PVA-50 0.607 1.586 0.600 1.946 1.205 2.010 1.115 0.668 0.072 0.006
PVA-50 � Tween 0.653 1.745 0.633 2.237 1.605 2.010 1.703 1.156 0.160 0.036

a The compositions of the serum pools are described in Materials and Methods. A two-way analysis of variance was used to assess the statistical significance between
the average ODs obtained with different blocking solutions (P 	 0.0001). Milk and BSA were added to the blocking solutions at final concentrations of 5% each, Tween
20 was added at a final concentration of 0.05%, and PVA-50 was added at a final concentration of 0.5%. Values represent the mean OD for each pooled sample run
twice.
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56.5% of HPV16 DNA-positive women scored seropositive by
the polymer ELISA and the standard ELISA, respectively.
Thus, improvements in both sensitivity and specificity were
observed with the polymer ELISA.

DISCUSSION

Serological assays for the detection of exposure to and in-
fection with viral pathogens is a classic mode of documentation
of viral infection. We performed a study to optimize the con-
ditions of a type-specific serological test for infection with
HPV. Based on the hypothesis that nonspecific reactivity with
the microplate well involves a reaction with a plastic polymer,
we systematically evaluated polymer-blocking agents and iden-
tified a novel combination of blocking and enhancing agents,
PVA-50 and PVP-360, that increased the reactivities of weakly
responding human sera in a VLP-based ELISA. Together with
the use of more highly purified VLPs and adsorption to the
plates at a low temperature, the use of these agents improved
the sensitivity and specificity of the VLP ELISA for the detec-
tion of concurrent cervical HPV16 infection.

To date, there is no standardized test for the detection of
antibodies to HPV VLPs, in part because of the inherent
difficulties with VLP production, low antibody titers, and non-
specific reactivity. Three classes of tests for the detection of
type-specific genital HPV antibodies have been described pre-
viously. The most commonly reported assay is an ELISA based
on the direct adsorption of VLPs to the plastic well (21, 22, 28,
36). An alternative approach is the use of a VLP-specific an-
tibody to first capture VLPs and then to detect subject anti-
bodies (11, 30). Recently, a competitive radioimmunoassay has
been applied to the detection of HPV VLP-specific antibodies
(9). In addition to different types of assays, the conditions

between laboratories using similar assay formats also vary con-
siderably. For instance, the quantities of VLPs used for each
test vary between 50 and 1,000 ng, serum dilutions vary be-
tween 1:4 and 1:100, blocking solutions vary, and many labo-
ratories subtract the reactivity of serum to wells lacking intact
VLPs. Nevertheless, interlaboratory agreement was reasonable
when ODs near the cutoff values for seropositivity were omit-
ted, suggesting that detection of strongly seropositive samples
is adequate (38). Development of an improved standardized
test would improve interstudy comparisons.

In the case of HPV infection, the majority of serum speci-
mens display ODs in the low to middle range. This makes
selection of a blocking agent of critical importance for HPV
antibody screening. Blocking agents that have been success-
fully used in ELISAs can be classified into three categories:
proteins, polymers, and surfactants (19). The polymer group
has a number of advantages over protein and surfactant block-
ing agents: (i) polymers represent a homogeneous solution and
do not contain potentially interfering proteins (e.g., the pres-
ence of immunoglobulins in BSA preparations, cross-reacting
proteins in milk, or endogenous peroxidase activity in a variety
of different protein blockers) (16, 17, 19, 39); (ii) polymer
solutions are stable over long periods of time and do not
require preservatives, which can influence the immunoreac-
tion; (iii) polymers are inexpensive and readily available; and
(iv) polymers present a surface similar to that found on the
plastic microtiter plate wells and can thus block nonspecific
reactivity with plastic.

In recent years, polymers have been used as a new class of
blocking and enhancing agents in immunoassays. Polymers
such as polyethylene glycol (27), PVA (33; K. May, M. E.
Prion, and I. Richards, 9 November 1988, U.K. Patent Appli-

TABLE 3. Influence of ELISA blocking solutions on control samplesa

Reagent
Mean OD

Control 1 Control 2 Control 3 Control 4 Control 5 Control 6 Control 7 Control 8 Control 9 Control 10

Milk 0.000 0.000 0.006 0.000 0.008 0.000 0.000 0.000 0.000 0.000
Milk � Tween 20 0.024 0.006 0.018 0.003 0.008 0.001 0.004 0.004 0.012 0.070
BSA 0.055 0.012 0.026 0.003 0.032 0.010 0.012 0.006 0.061 0.018
BSA � Tween 20 0.088 0.019 0.088 0.124 0.064 0.166 0.054 0.038 0.12 0.021
Tween 0.095 0.070 0.061 0.030 0.068 0.028 0.061 0.069 0.065 0.057
PVA-50 0.032 0.018 0.026 0.012 0.032 0.000 0.000 0.000 0.011 0.028
PVA-50 � Tween 20 0.042 0.007 0.014 0.003 0.012 0.007 0.008 0.008 0.027 0.020

a Control samples were obtained from HPV DNA-negative virginal women (25). A two-way analysis of variance was used to assess the statistical significance between
the average ODs obtained with different blocking solutions (P 	 0.0001). Milk and BSA were added to the blocking solutions at final concentrations of 5% each, Tween
20 was added at a final concentration of 0.05%, and PVA-50 was added at a final concentration of 0.5%. Values represent the mean OD for each sample run twice.

TABLE 4. Influence of PVP-360 on assays with samples from women positive for cervical HPV16 DNAa

Reagent
Mean OD

Pool 1 Pool 2 Pool 3 Pool 4 Pool 5 Pool 6 Pool 7 Pool 8 Pool 9 Pool 10

Milk 0.134 0.974 0.224 1.562 0.938 1.17 0.953 0.522 0.042 0.006
Milk � PVP-360 0.232 1.090 0.376 1.538 1.131 1.315 1.153 0.764 0.087 0.019
PVA-50 � Tween 20 0.576 1.188 0.449 1.688 1.222 1.489 1.202 0.827 0.144 0.07
PVA-50 � Tween 20 � PVP-360 0.785 1.281 0.676 1.564 1.264 1.444 1.267 1.010 0.275 0.165

a The compositions of the serum pools are described in Materials and Methods. A two-way analysis of variance was used to assess the statistical significance between
the average ODs obtained with different blocking solutions (P 	 0.0001). Milk, PVP-360, Tween 20, and PVA-50 were added to the blocking solution at final
concentrations of 5, 0.8, 0.05, and 0.5%, respectively. Values represent the mean OD for each serum pool run twice.
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cation G.B. 2204398), polyvinyl alcohol-glutaraldehyde (2–4),
and PVP (5, 20) have been shown to have significant blocking
abilities and do not interfere with specific binding. In addition,
PVA has been shown to stabilize the immunoreactive activities
of proteins (8, 32) and improve antibody adsorption. Rodda
and Yamazaki (33) demonstrated a significant improvement in
the specificity of the secondary antibody reaction using PVA
with rabbit IgG compared with the specificity obtained with
traditional blocking agents (e.g., BSA and milk). Previous stud-

ies have demonstrated that another hydrophilic polymer, PVP,
could be used as a quenching agent to improve the adsorption
of the secondary antibody in a Western blotting assay (5, 20).

In conclusion, this is the first report of an improved HPV
VLP ELISA based on the use of synthetic polymers. These
reagents should have wide use in other immunological assays.
The ELISA protocol described in this report can be used in
conjunction with HPV DNA detection techniques for accurate
clinical diagnosis, epidemiological studies, and evaluations of

FIG. 1. Performance of polymer and standard HPV VLP ELISAs. A ROC curve was plotted by using the mean ODs for 200 women with known
cervical HPV16 DNA infection status (23). The y axis represents percent seropositivity among HPV16 DNA-positive women. The x axis shows 1

 specificity as percent seropositivity among virginal women. The results obtained by the polymer HPV VLP ELISA and the standard HPV VLP
ELISA (28) are indicated. The numbers under the symbols indicate the sensitivities at different levels of specificity. Each laboratory prepared its
own VLPs. The polymer ELISA is described in the Material and Methods section. For the standard ELISA, 200 ng of VLPs adsorbed at 37°C for
2 h was used for each well. After three washes with PBS, the wells were blocked with 0.5% milk and 0.1% fetal bovine serum in PBS. The sera
were diluted 1:20 in 0.5% milk–1� PBS, and 50 �l was added to each well. After incubation for 2.5 h at room temperature, the wells were washed
five times with PBS and an anti-human IgG F(ab�)2 horseradish peroxidase-conjugated secondary antibody diluted 1:10,000 in 0.5% milk–1� PBS
was added prior to reaction with ABTS substrate.

TABLE 5. Influence of PVP-360 on assays with control samplesa

Reagent
Mean OD

Control 1 Control 2 Control 3 Control 4 Control 5 Control 6 Control 7 Control 8 Control 9 Control 10

Milk 0.008 0.000 0.018 0.004 0.002 0.004 0.001 0.002 0.002 0.000
Milk � PVP-360 0.017 0.010 0.045 0.003 0.015 0.001 0.007 0.003 0.014 0.011
PVA-50 � Tween 20 0.054 0.030 0.034 0.016 0.037 0.017 0.027 0.043 0.046 0.028
PVA-50 � Tween 20 � PVP-360 0.074 0.037 0.043 0.023 0.053 0.032 0.043 0.057 0.059 0.063

a Control samples were obtained from HPV16 DNA-negative virginal women (serum set 1). PVP-360 was added to the conjugate buffers at a final concentration of
0.8%, Tween 20 was added at a final concentration of 0.05%, milk was added at a final concentration of 5%, and PVA-50 was added at a final concentration of 0.5%.
Values represent the mean OD of each sample run twice.
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responsiveness to VLP-based vaccines. However, the eventual
utility of this assay will require confirmation in additional stud-
ies with samples from diverse populations.
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